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This listing of claims will replace all prior versions and listings of claims id the application. 



Listing of Claims: 



Claim 1 (Currently Amended): A method comprising: 

mapping auscultatory sounds associated with, known physiological conditions to a set of 
one or more disease regions defined within a multidimensional space byi 

ff> formulating a set of matrices that store digitize d representations of the 

auscultatory sounds associated with the known physiological conditions, wherein each, 

matrix is associated with adifferent one of the physiological conditions and stotesJflhe. 

digitized representations of the auscultatory sounds a ssociated with the respective 

physiological condition, and 

(if) applying singular value decomposition ("SV D"1 to each of the matrices to_ 

compute respective sets of sub-matrices that defineJhe disease regions within_the_ 

multidimensional space: 

programming a diagnostic device in accordance with configuration data generated bv the 
application of S VP to the set of matrices, wherein the configuration data includes at least one of 
the sub-matrices associated with the different physiological conditions ; 

generatin g, with the diagnostic device, a set of one or more vectors within the 
multidimensional space representative of auscultatory sounds associated with a patient; and 

outputting, with the diagnostic device, a diagnostic message associated with a 
physiological condition of the patient as a function of the vectors and the disease regions defined 
within the multidimensional space. 
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Claim 2 (Original): The method of claim 1, wherein outputting a diagnostic message 
comprises; 

selecting one of the disease regions of the multidimensional space as a function of 
orientations of the vectors within the multidimensional space; and 

outputting the diagnostic message based on the selection- 
Claim 3 (Original): The method of claim 2, wherein each of the vectors correspond to a 
respective one of the disease regions, and wherein selecting one of the disease regions comprises 
selecting one of the disease regions as a function of a distance between each of the vectors and 
the respective disease region. 

Claim 4 (Original): The method of claim 3, wherein selecting one of the disease regions 
comprises: 

identifying which of the vectors has a minimum distance from its respective disease 
region; and 

selecting the disease region associate with the identified vectors. 

Claim 5 (Original): The method of claim 1, wherein each disease region within the multi- 
dimensional space is defined by characteristics of the auscultatory sounds associated with the 
known physiological conditions that have been identified as indicators for the respective 
physiological condition. 

Claim 6 (Currently Amended): fto « ethod of claim 1? 
A method comprising: 

mapping auscultatory sounds associated with known physiological c onditions to a set of 
one or more disease regions defined within a multidimensional space;,; 

generating a set of one or more vectors within the multidimensional spa ce representative 
of auscultatory sounds associated with.a patient; and 

wherein crutputting a diagnostic rooogngo - oompri s es outputting a pass/fail message that 
indicates whether an abnormal physiological condition of the patient has been detected^asA 
function of the vectors and the diseas e regions defined within the multidimensional gpace. 
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Claim 7 (Original): The method of claim 1, wherein outputting a diagnostic message 
comprises outputting a diagnostic message identifying one or more specific pathologies currently 
being experienced by patient. 

Claim 8 (Original): The method of claim 1, wherein outputting a diagnostic message 
comprises outputting the diagnostic message to indicate the patient is susceptible to one or more 
of the physiological conditions. 

Claim 9 (Currently Amended): The mothod of claim 1, 
A method comprising 

ma pping auscultatory sounds associated with known physiological conditionsjo a set of 
one or more disease_regions defined within a multidimensional space: 

generating a set of one or more vectors within the multidimensional space representative 
of auscultatory sounds associated with a patient: and 

outputting a diagnostic message associated with ajphvsiological condition of the patient. 
as a function of the vectors and the disease regions defined within the multidimensio nal space, 
wherein outputting a diagnostic message comprises selecting a message type for the diagnostic 
message based on a user configurable mode. 

Claim 10 (Currently Amended): The method of claim 9fjl]]« wherein the message type 
comprises one of a pass/fail message type, a suggested diagnosis message type, and a predictive 
diagnosis message type. 
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Claim 1 1 (Currently Amended); ¥he method of claim 1, A method comprising: 

mappin g auscultatory sounds associated with known phys iological conditions to a set of 
nne or more disease regions defined within a multid imensional ?pace; 

generatmg a set of one or more vectors within the multidimensional space representative 
of auscultatory sounds asso ciated with a patient: and 

ont putting a diagnostic message assoc i ated with a physiological condition of the patient 
as a function of the vectors and the disease regions d efined within the multidimensional space, 

wherein the diagnostic message comprises outputting a severity indicator based on a 
calculated distance from at least one of the vectors and a normal region within the 
multidimensional space. 

Claim 12 (Cancelled). 

Claim 13 (Currently Amended): The method of claim 143, wherein each of the matrices 
comprises an NxM matrix storing N of the digitized representations and M digital values for each 
of the digitized representations. 

Claim 14 (Currently Amended): The method of claim 113, wherein formulating a set of 
matrices comprises formulating the set of matrices to store digitized representations in a raw 
format that has not been filtered. 

Claim IS (Currently Amended): The method of claim 143, further comprising storing at 
least a portion of one or more of the sub-matrices within a database for use as configuration data 
for a diagnostic device. 

Claim 16 (Original): The method of claim 15, further comprising storing the configuration data 
in a format that can be used by the diagnostic device to compute the vectors to represent the 
auscultatory sounds associated with the patient within the multidimensional space. 

Claim 17 (Cancelled). 
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Claim 18 (Currently Amended): The method of claim 142, wherein applying SVD 
comprises applying SVD to decompose a matrix A of the set of matrices into the product of three 
sub-matrices as: 

A=UDV T , 

where V is an NxM matrix with orthogonal columns, D is an MxM non-negative 
diagonal matrix and V is an MxM orthogonal matrix. 

Claim 19 (Original): The method of claim 18, further comprising; 

computing a set of matrices T by pair-wise multiplying each of the computed U matrices 
with the other U matrices; 

performing SVD on each of the resultant matrices T to decompose each matrix T into a 
respective set of sub-matrices; and 

applying the sub-matrices generated from each of the matrices T to identify portions of 
the U matrices to be used in diagnosis of the patient. 

Claim 20 (Original): The method of claim 19, wherein applying the sub-matrices generated 
from each of the matrices T comprises applying the sub-matrices generated from each of the 
matrices T to identify portions of the U matrices that maximize the orthogonality of the 
respective disease regions within the multidimensional space. 

Claim 21 (Currently amended): The method of claim 15, further comprisin g computing : 
computing respective average vectors from the set of matrices, wherein each average 

vector represents an average of the digitized representations of the auscultatory sounds associated 

with the respective physiological conditions; and 

applying the average vectors and the configuration data with the diagnostic device to the 

auscultatory sounds associated with the patient to generate the set of vectors within the 

multidimensional space. 
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Claim 22 (Original): The method of claim 21, wherein applying the average vectors and the 
configuration data with the diagnostic device comprises: 

subtracting the corresponding average vectors from a vector representing the auscultatory 
sounds associated with the patient to generate a set of difference vectors, wherein each difference 
vector corresponds to a different one of the disease regions in the multi-dimensional space; and 

applying the sub-matrices of the configuration data to the difference vectors to generate 
the vectors representative of the auscultatory sounds associated with the patient. 

Claim 23 (Original): The method of claim 22, whereili applying the sub-matrices of the 
configuration data comprises multiplying the difference vectors by the corresponding one of the 
V sub-matrices to produce a respective one of the vectors representative of the auscultatory 
sounds associated with the patient 

Claim 24 (Original): The method of claim 1, wherein each of the auscultatory sounds associated 
with known physiological conditions comprises a digitized representation of sounds recorded 
over a plurality of heart cycles. 
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Claim 25 (Currently Amended): Tho mothod of claim 2^ A method co mprising: 

ma pping auscultatory sounds associated with known physiological conditions to a set pf 
one or more disease regions defined within a multidimension al space, wherein each o£the_ 
auscultatory sounds associated with known physiological conditio ns comprises a digitized 
representation of sounds recorded over a plurality of heart evetes, and wherein mapping 
auscultatory sounds comprisesing: 

(i) p rocessing each of the digitized representations to identify a starting point and 
ending point for each of the heart cycles; 

(ii) processing each of the digitized representations to identify starting and ending 
times for systole and diastole periods of each of the heart cycles, and SI and S2 periods 
for each of the heart cycles; and 

(iii) re-sampling the digitized representations based on the identified starting and 
ending times for the systole and diastole periods and the SI and S2 periods to normalize 
each of the heart cycles to a common heart rate; 

generating a set of one or more vectors within the multidimensional space representative, 
of auscultatory sounds associated with a patient;_and 

outputting a diagnostic message associated with a physiological condition of the patient 
as a function of the vectors and the dise ase regions defined within the multidimensional space. 

Claim 26 (Original): The method of claim 1, wherein the physiological conditions include one 
or more of a normal physiological condition, aortic regurgitation, aortic stenosis, tricuspid 
regurgitation, tricuspid stenosis, pulmonary stenosis, pulmonary regurgitation, mitrial 
regurgitation, aortic aneurisms, carotid artery stenosis and mitrial stenosis. 



-8- 

PAGE 11/23 1 RCVD AT 3/28/2007 5:16:21 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-5/1 * DNIS:2738300* CSID:6517351102 * DURATION (mm-ss):03-58 



83/28/2007 16:12 6517351102 



SHUMAKER & SIEFFERT 



PAGE 12/23 



Application Number 10/781,118 

Responsive to Office Action mailed December 28, 2006 

Claim 27 (Original): The method of claim 1, further comprising; 

capturing the auscultatory sounds associated with the patient using a first device; 
communicating a digitized representation of the captured auscultatory sounds from the first 
device to a second device; 

analyzing the digitized representation with the second device to generate the set of 
vectors; and 

outputting the diagnostic message with the second device. 

Claim 28 (Original): The method of claim 27, wherein the first device comprises an electronic 
stethoscope- 
Claim 29 (Original): The method of claim 27, wherein the second device comprises one of a 
mobile computing device, a personal digital assistant, and an echocardiogram analyzer. 

Claim 30 (Currently Amended): The method of claim 1, wherein the diagnostic device is an 
electronic stethoscope, the method further comprising; 

capturing the auscultatory sounds associated with the patient using a» theelectronic 
stethoscope; 

analyzing the digitized representation with the electronic stethoscope to generate the set 
of vectors; and 

outputting the diagnostic message to a display of the electronic stethoscope. 

Claim 31 (Original): The method of claim 1, wherein the physiological conditions comprise 
cardiac conditions and the auscultatory sounds associated with the patient comprises heart 
sounds. 

Claim 32 (Original): The method of claim 1, wherein the auscultatory sounds associated with 
the patient comprises lungjs sounds. 
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Claim 33 (Currently Amended): A method comprising: 

formulating a set of matrices that store digitized representation s of auscultatory sounds 
associated with the physiological conditions, wherein each matrix is associated with a different 
one of the physiological conditions and stores the d igitized representations of the auscultatory 
sounds associated with the respective physiological conditions. 

applying singular value decomposition ("S VD") to each of the matrices to decompose the 
matrices into respectfee sets of sub-matrices t o digitized representations of - auscultatory sounds 
fift<inrinti>H with physiological conditions that define disease regions wit h in the multidimensional 
space to map tho auscultatory sounds to - a - sot of one oi more di s ease regions within a 
multidimcDflionQl spac e; and 

computing respective average vectors from the setof matrices, wherein each average, 
vector represents anaverage of the digitized representations of the auscultatory sounds associated 
with the respective physio logical conditions: 

generating configuration data to include the averagevectors: and 

outputting the configuration data for application by a diagnostic device based on the 
multidimensional mapping. 

Claim 34 (Cancelled), 

Claim 35 (Original): The method of claim 34, wherein outputting configuration data comprises 
storing at least a portion of one or more of the sub-matrices for each of the physiological 
conditions within a database. 

Claim 36 (Original): The method of claim 34, wherein applying SVD comprises applying SVD 
to decompose a matrix A of the set of matrices into the product of three sub-matrices as: 

A=UDV T , 

where U is an NxM matrix with orthogonal columns, D is an MxM non-negative 
diagonal matrix and V is an MxM orthogonal matrix. 
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Claim 37 (Original): The method of claim 36, farther comprising: 

computing a set of matrices Thy pair-wise multiplying each of the computed V matrices 
with* the other U matrices; 

performing SVD on each of the resultant matrices T to decompose each matrix T into a 
respective set of sub-matrices; and 

applying the sub-matrices generated from each of the matrices T to identify portions of 
the U matrices to be used in diagnosis of the patient. 

Claim 38 (Original): The method of claim 37, wherein applying the sub-matrices generated 
from each of the matrices T comprises applying the sub-matrices generated from each of the 
matrices T to identify portions of the U matrices that maximize the orthogonality of the 
respective disease regions within the multidimensional space. 

Claim 39 (Cancelled). 

Claim 40 (Original); The method of claim 33, wherein the physiological conditions include one 
or more of a normal physiological condition^ aortic regurgitation, aortic stenosis, tricuspid 
regurgitation, tricuspid stenosis, pulmonary stenosis, pulmonary regurgitation, mitrial 
regurgitation, aortic aneurisms, carotid artery stenosis and mitrial stenosis. 
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Claim 41 (Currently Amended): A method comprising: 

storing within a diagnostic device configuration data generated by the application of 
singular value decomposition ("SVD") to digitized representations of electrical recordings 
associated with physiological conditions, wherein the configuration data maps the electrical 
recordings to a set of one or more disease regions within a multidimensional space; 

applying the configuration data to a digitized representation of an electrical recording 
associated with a patient to generate a se t of one or more vectors within the multidimensional 
space: 

selecting one of the physiological conditions based on the vectors. : and 
outputting a pass/fail diagnostic message indicating the selected one of the physiological 
conditions. 

Claim 42 (Cancelled). 

Claim 43 (Currently Amended): The method of claim 4143, 

wherein applying the configuration data selecting one the_phy_si ological conditions 
comprises selecting one of the disease regions of the multidimensional space as a function of 
orientations of the vectors within the multidimensional space; and 

wherein outputting the diagnostic message comprises outputting the diagnostic message 
based on the selection. 

Claim 44 (Original): The method of claim 43, wherein each of the vectors correspond to a 
respective one of the disease regions, and wherein selecting one of the disease regions comprises 
selecting one of the disease regions as a function of a distance between each of the vectors and 
the respective disease region. 

Claim 45 (Original): The method of claim 41, wherein the configuration data comprises a sub- 
matrix generated by the application of SVD to the digitized representations of the auscultatory 
sounds associated with the known physiological conditions. 



-12- 
PAGE 15/23 * RCVD AT 3/2812007 5:16:21 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF<5f1 * DNIS:2738300 * CSID:6517351 102 * DURATION (mm-ss):03-S8 



03/28/2007 16:12 6517351102 



SHUMAKER & SIEFFERT 



PAGE 16/23 



Application Number 10/781,118 

Responsive to Office Action mailed December 28, 2006 

Claim 46 (Original): The method of claim 41, wherein the electrical recordings comprises 
echocardiograms. 

Claim 47 (Original): The method of claim 41, wherein the electrical recordings comprises 
digitized representation of auscultatory sounds. 

Claim 48 (Currently Amended): A diagnostic device comprising: 

a medium that stores data generated by the application of singular value decomposition 

("SVD") to digitized representations of auscultatory sounds associated with known physiological 

conditions , wherein the data maps the auscultatory sounds to a set of one or mor e disease regions 

within a multidimensional space: and 

a control unit that applies the configuration data to a digitized representation 

representative of auscultatory sounds associated with a patient to generate a set of one or more 

vectors within the multidimeiisionaLspace and select one of the physiological conditions J^ased. 

on the vectors, wherein the control unit outputs a pass/fail diagnostic message indicating the 

selected one of the physiological conditions. 

Claim 49 (Currently Amended): The diagnostic device of claim 48, 

wherein tho control unit applies the configuration data to the digitized representation 

representative of the auaoultntory sounds as s ociated with the patient to generate a sot of one or 

more vootoro within a multidimensional apaoc having a set of defined disease regions, and 

wherein the control unit selects one of the physiological conditions based on orientations 

of the vectors relative to the disease regions within the multidimensional space. 

Claim 50 (Original): The diagnostic device of claim 49, wherein each of the vectors correspond 
to a respective one of the disease regions, and wherein the control unit selects one of the disease 
regions as a function of a distance between each of the vectors and the respective disease region. 

Claim 51 (Original): The diagnostic device of claim 49, wherein the configuration data 
comprises a sub-matrix generated by the application of SVD to the digitized representations of 
the auscultatory sounds associated with the known physiological conditions. 
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Claim 52 (Original): The diagnostic device of claim 41, wherein the diagnostic device 
comprises one of a mobile computing device, a personal digital assistant, an echocardiogram 
analyzer, and an electronic stethoscope. 

Claim 53 (Currently Amended); A data analysis system comprising: 

an analysis module to apply singular valu e d e oompoaition ("SVD") to digitised 
ropropontations of electrical recordings associated with known physiological conditions to map 
the auscultatory sounds to a set of one or more disease regions within a multidimensional space*. 
wherein the analysis module generates data bv mapping the ascultatory soun ds bv: (i) formulating 
a set of matrices that store digitized representations of the auscultatory sounds associated with, 
the known physiological conditions, wherein the matrices are ass ociated with different 
physiological conditions and store the digitized representations of the auscultatory sounds 
associated with the respective physiological condition, and (ii) applying singular value 
decomposition ("SVD >r l to the matrices to compute respective sets of sub-matrices that define the 
disease regions within t h& multidim ensional space : a«4 

a database to store the.data generated by the analysis moduleiand 
a diagnostic devfe * prnpr flmmed in accordance with the_data generated bv the analysis 
module, wherein the data includes at least one of the sub-matrices ass ociated with the different 
physiological conditions, and wherein the diagnostic device generates a set of one or more 
vectors within the multidimensional space representative of auscultatory sounds associated with a 
patient and outputs a diagnostic message asso ciated with one of the physiological conditions of 
the patient as a function of the vectors and the disease regions defined within the 
multidimensional space . 

Claim 54 (Currently amended): The svstemm ethed of claim 53, wherein the electrical 
recordings comprises echocardiograms. 

Claim 55 (Currently amended): The §ystemmethe<J of claim 53, wherein the electrical 
recordings comprises digitized representation of auscultatory sounds. 



-14- 
PAGE 17/23 * RCVD AT 3/28/2007 5:16:21 PM [Eastern Daylight Time] 1 SVR:USPT0-EFXRF-5!1 * DNIS:2738300 * CSID:651 7351102 * DURATION (mm-ss):03-S8 



03/28/2007 16:12 6517351102 



SHUMAKER & SIEFFERT 



PAGE 18/23 



Application Number 10/781,118 

Responsive to Office Action mailed December 28, 2006 

Claim 56 (Original): The data analysis system of claim 53, 

wherein the analysis module formulates a set of matrices that store the digitized 
representations of the auscultatory sounds associated with the physiological conditions, wherein 
each matrix is associated with a different one of the physiological conditions and stores the 
digitized representations of the auscultatory sounds associated with the respective physiological 
condition, and 

wherein the analysis module applies S VD to each of the matrices to decompose the 
matrices into respective sets of sub-matrices that define the disease regions within the 
multidimensional space, and 

wherein the analysis module stores within the database at least one of the sub-matrices for 
each of the disease regions. 

Claim 57 (Currently Amended): A computer-readable medium comprising instructions that 
cause a processor to: 

apply configuration data to a digitized representation representative of auscultatory 
sounds associated with a patient to generate a set of one or more vec tors within a 
multidimensional space representative of auscultat ory sounds to seject one of a set of 
physiological conditions, wherein the configuration maps the auscultatory sounds to a set of one 
or more disease regions within [[a]] ^multidimensional space; and 

output a pass/fail d iagnostic message indicating the selected one of the physiological 
conditions. 
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Claim 58 (Original): The computer-readable medium of claim 57 further comprising 
instructions to cause the processor to: 

apply the configuration data to the digitized representation representative of the 
auscultatory sounds associated with the patient to generate a set of one or more vectors within the 
multidimensional space; 

select one of the disease regions of the multidimensional space as a function of 
orientations of the vectors relative to the disease regions within the multidimensional space; and 

output the diagnostic message based on the selection. 
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